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Abstr act

This paper outlines the first econometric stochastic frontier efficiency analysis of roadnancd

costs for local authorities in England in the academic literature. It is motivated by current pubtic sect
austerity requiring local authorities to provide efficient highway functions both in terms of learning
from best practice (economic efficiency) and potential reorganisation to exploit economies of scale
(scale efficiency). The analysis utilises a road condition measure and an end user (public) satisfaction
indicator as well as road length and traffic factors. Thelahiity of public satisfaction data is
particularly important as incorporation of such a measure into benchmarking is curréstipfancy

in economic regulation but is increasing in prominence, such as in regulation of health care. Evidence
is found for an optimal road length which has implications for the current trend to merge the delivery
of highways services across local authorities. Bigger is not necessarily better. A positive relationship is
found between public satisfaction and cost which is strongest for very low or high public satisfaction.
Finally, the median cost efficiency is 83% which implies many authorities have the opportunity to save

substantial sums by adopting best practice without reducing service quality.

*University of Leedsp.e.wheat@its.leeds.ac.uk




1. Introduction

This paper outlines econometric analysis of road maintenance costs for local authorities (LAS). It is
motivated by the need for LAs to provide their highways functions efficiently, as well as to inform
policy makers as to the cost of higher road quality in the presence of greater public certoeirea
condition of local highways. For many years and particularly since 2008, LAs in Britain have been
under pressure to do more with less. This has been especially challenging for highwayettpad,

over the same time period, public satisfaction with road conditions has been falling.

To incentivise British LAs to determine and adopt best practice, there have been two key ‘carrot and
stick’ initiatives at the national level. Firstly, the Highways Maintenance Efficiency Programme
(HMEP) is ‘by the highways sector, for the highways sector’ and aims to “[work] with people and
organisations to enable change, so that greater savings and efficiencies can be achieved and the demand
for improved roads and services can be met” (HMEP, 2013). PIM&s supported a number of
initiatives (including funding early work on this particular piece of work) to help LAs meet these
challenges. Secondly, the Department for Transport is moving to make a proportion of highway
maintenance funding conditional on demonstrating achievement of several performance-related
processes and outcomes (known as the “Incentive Fund”). One criteria is that LAs engage in
performance benchmarking and, eventually, use this information to identify and share befitsrspra

to raise performance (DfT, 2015 Q15).

The econometric analysis in this paper utilises a data set collected specifically for the project which
includes 51 LAs. As well as road length and traffic explanatory variables, the analysis alsodises roa
condition measures as well as end user (public) satisfaction indicators. This enables quantification of
the cost of providing a given quality of road as measured both in the physical (the conditiorsséthe a

and perceived sense (by the ultimate customers/users of the LA highway). Hoovporate final user
perception of service quality into both benchmarking and price caps is an area of active development in
economic regulation, with some regulators, such as MoititerNational Health Service regulator in

the UK, beginning to incorporate such measures into its benchmarking (Monitor, 2016). This analysis

aims to demonstrate that final end user measures can enhance cost benchmarking.



The pattern of fiscal austerity has been replicated in many EU countries post the financial crisis and this
work, particularly the conclusions on minimum efficient scale, have implications internationally.
Furthermore, the analysis seeks to demonstrate that collaborative econometric benchmarking is feasible
in a local government setting and that this approach can be extended to other local government functions

or into other countries.

Following this introduction, section 2 outlines the literature on cost and performance analysis in
highway maintenance. Section 3 outlines the data available for this study and section 4 outlines the
methodology. Section 5 discusses the results in four partglynaoale economies, the cost impact of
traffic, the findings on the cost relationship of quality (including public satisfaction) and the predictions
of economic efficiency for participating LAs. Section 6 concludes on key findings and discusses the

broader national and international applicability of the findings.

2. Literaturereview

21 Per for mance studiesin roads

There exists an established literature which has attempted to develop performance measures for road
systems. Many studies focus on key performance indicators, also known as partial performage met

to indicate how an organisation is performing across a range of measures e.g. cost per road km and
congestion minutes per population. Studies include Pinkney and Marsden (2013), Hartgen et al (2008),

Hartgen and Krauss (1993).

Key performance indicators are relatively clear to understand but limited in the senbeytittt hot

provide a single comparative metric to gauge performance across organisations. As such, organisations
tend to perform well on some indicators and poor on others, which is of limited value given there is an
explicit trade-off between cost, quality and customer satisfaction (Pinkney and Marsden, 2013 p. 15).
Similar discussion has been undertaken elsewhere in tlesegtor literature, for example by Goode

et al (1993) for US State highway performance analysis dfgelarand Krauss (1993) and Litman
(2009) for Canadian highway analysis by Hartgen et al (2008). More generally issues of how to use

performance measures are discussed across government departments (e.g. GAO, 1999).



One approach when faced with multiple performance indicators is to utilise statistical approaches such
as principal component and cluster analyses to try to group organisations into those whicloappea
have common performance features e.g. Hendren and Niemeier (2008). However, this still has the
limitation that it does not quantify the trade-off betwekea tifferent aspects of performance. To
address this issue, this analysis/paper develops a cost frontier which explicitly modedslehafft
between costs, outputs, the quality of outputs and the public satisfaction with road provisionras a mea

to provide a comparable ‘efficiency’ metric between 0 and 1 (see methodology section (4) below).

Pinkney and Marsden (2013) also discuss that there are several situations in transport planning where
including public satisfaction alongside physical measures of quality and cost can enhance
understanding. They particularly note that certain ‘technocratic’ quality measures do eleteovell

with surveys of public satisfaction (such as ‘pavement roughness’ and ‘public perception of quality’
respectively discussed in Kummel et al (2001)). The result is[thea current state of practice] is not
sufficiently developed to connect transportation spend to customer oriented outcomes” (Pinkney and

Marsden, 2013 p 3).

Applications in the roads sector aimed at quantifying co#ficrency outside of partial measures, i.e.
through controlling multiple outputs and quality (either physical or perceived) simultaneously, are less
common. Braconier et al (2013) use OECD data from 32 countries to undertake Data Envelopment
Analysis (DEA) as to the social effectiveness of the countries’ steatagls. Another example is Zang

et al (2013) for US interstate highways. The DEA approach isfal @ggproach to quantify the scope

for efficiency savings, but has a number of limitations (Coelli et al, 2005). Firstly, DEA does not
estimate explicit relationships between costs and the level of outputs and quality of outputs. This is
useful information that the econometric approach explicitly yields. For example, the econometric
approach provides evidence on the extent to which road maintenance costs vary with traffic and
provides associated measures of statistical confidence for these estimates. Secondly, DEA does not
account for statistical noise when quantifying the scope of cost savings. This can result in an over
prediction of potential cost savings. DEA does, howevere laan advantage that there is less a priori

information imposed on the shape of the cost relationship.
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2.2. Econometric cost methods

No references to econometric (as opposed to DEA) cost efficiency analysis for local roads specifically
can be found in the literature although it is acknowledged that there maybe some studies in the broader
highway engineering literature or professional (potentially unpublished) literature not yet uncovered by
the author. This review has uncovered that CEDR (2010) collect data on both costs and outputs, which
could potentially be used for econometric frontier analysis or on strategic highway networks across

European countries, but this was not undertaken in the CEDR study.

The studies by Agbelie et al (2015) and Hendren and Niemeier (2006) do use econometric methods to
develop composite performance metrics which each account for more than one characteristic of
organisations. For example, Hendren and Niemeier (2006) develop congestion and safety metrics based
on two separate regression models; one for each metrice botitext of this paper, these studies are
important to illustrate the benefit of econometric methods, however they do not estimate a cost function
relationship which is the departure point for the work in this paper. In this paper, the problem of
delivering road provision for minimum cost subject to providing a given length of road at a given quality
(which could in theory include a measure of congestion and safety) is considered. This is different (but
complementary) to the approach in Agbelie et al (2015) and Hendren and Niemeier (2006) who consider

that maintenance cost influences a safety metric for example (Hendren and Niemeier 2006, p219).

Whilst there is a lack of econometric work identified specifically for measuring cost efficiency, a related
strand of research at the strategic highway sector level (major roads) is an establisheetecono
academic literature on understanding the properties of maintenance and renewal costs asgbciated
highways. Contributions include Small et al (1989), Haraldsson (2007), Nilsson (2014), Link (2014),
Jonsson and Haraldsson (2008), Ahmed et al. (2015a), Martin, T. (1994, 1997), Herry and Sedlacek.
(2002). These have been motivated primarily in understanding how traffic usage damages roads relative
to other damage mechanisms (such as weathering). Two broad statistical approaches are used as

characterised in Ahmed et al (2015b), Bossche et al (2001) and Bruzelius. (2004).



Firstly, detailed data over time on multiple road sections are used to estimate the survival rate of assets
over time (survival analysis). This approach can be traced back to road economics concepts outlined in
Small et al (1989) and recent empirical applications include Haraldsson (2007) and Nilssoh (2014)
This approach yields a marginal cost of additional traffic by considering the change in present value of
cost resulting from the marginal change in traffic as this is assumed to bring forward the time profile of
asset renewal. The approach reconciles well with the fundamental engineering degradation process.
However, it is data intensive both in terms of the disaggregation of road sections required and the
historical data required. As such there is a degree of approximation required in terms of input data which
limits the robustness of results. Ahmed et al. (2015a) develop this further to consider how different

intervention approaches result in different marginal cost.

The second approach is to utilise the standard economic cost function with either magntesaioc
maintenance and renewal cost as the cost variable. Such analysis has been popular in Europe through
several European Commission-funded projects such as UNITE, GRACE and CATRIN (Link (2002,
2009, 2014), Jonsson and Haraldsson (2008), Schreyer et al (2002), Bak et al (2006), Bak and
Borkowski (2009)), in the US (Gibby et al (1990), Hajek et al. (1998), Li and Sinha (2000), Li et al.

(2001, 2002) and in Australia (Martin (1994, 1997)).

In this approach, cost is explained by (regressed on) scale measures (e.g. road length or lane length) and
traffic usage variables as well as variables to characterise the capability and condition of themassets (
example, age of pavement or number of defects). Input prices should also be considered as cost drivers
(and such prices have been available in some studies such as Link (2014) for Germany). However for
many studies, such input prices have not been available and so have been assumed uniform over cross
sectional units and only to vary through time. As such, time dummy variables have been added to
capture such variation (see Jonsson and Haraldsson (2008) for example). This is also common in the

railway infrastructure literature (see Wheat and Smith (2008)).

1 See Ahmed et al (2015a and 2015b) for a full set of study references from this approach.
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The analysis in this paper fits within the second category altogeunique in that it also contains an
allowance for cost (economic) inefficiency within the modelling. Cost inefficiency measures the extent
to which a LA fails to achieve cost minimisation conditional on the scale of output, network traffic and

quality of the output.

3. Data

Table 3.1 describes the data. This study combines both publically available data and also primary
sources not in the public domain direct from LAS. The cost data was collected through direct request to
participating LAs and data was requested as the sum of structural and reactive carriageway maintenance.
Footways were excluded, as was drainage, winter service and street lighting costs. Thus cost items in
scope include interventions directly to the carriageway such as patching, inspections and road sealing.
This cost data was sourced from a dedicated survey to pditigijhahs. This was necessary as other

data (such as the Section 151 Officer statutory returns to Central Government — RO2 Returns
(Department for Communities and Local Government, 2016)) do not provide appropriate cost

breakdowns.

Data was requested for five years from 2008/09 to 2012/13 from each LA. Of the data collected, at least
one year of data could be used from 51 LAs, however due to missing values of both explanatory
variables and dependent variable, the panel was highly unbalanced, with between one and five
observations per LA. In total there were 145 observations used in the analysis indicating an average

number of observations per LA of 2.8.

Road length and traffic data were sourced from Department for Transport (DfT) statistics (DfT, 2014).
The road length data was available by road type. The UK statistics distinguish between five road types:
motorways (the vast majority of which are under the direct control of LAs so excluded from analysis),
A roads, B roads, C roads and Unclassified (U) roads. The classification system broadly relates to
strategic priority (with U roads being the lowest strategic priority) and design standards. Utdtrtuna
data is not publically available from a common source onkamehowever the data by road type to

some extent mitigates this.



A measure of physical road condition (RDC) was also sourced from central government statistics (DfT,
2014). RDC measures the frequency of defects in the road and corresponds to the proportion of the road
network that requires repair. A higher value indicates more defects, therefore a highempéikse |

lower road condition.

The final piece of data available is from the National Highways & Transport Public Satisfaction Survey
undertaken by Ipsos Mori (NHT, 2014). This is a postal survey sent to a representative sample of the
populations in participating LAs. The survey covers aspects of public satisfaction with a range of private
and public transport. Of use in this work was the measure “HMBI 01-satisfaction with condition of road

surfaces”.

Table 3.1 Descriptive statistics of the data

Variable |Units Symbol| Mean Median [Maximum [Minimum | Std. Dev.

Highway £ per annum C 16720526 1551400B9000000 | 1352396| 11948193

Expenditure| "~ T

Length of A

B and dKM X1 1774.0541628.1 | 6121.9 60.7 1473.349

Roads |

Length of Uy, X, 2319.087 2245.9 | 6714.3 183.8 | 1609.869

Roads | L
Proportion 0

RDC network requirin¢Xs 12.2904511.89494| 31.27044 | 2.497514 4.775362

_________________ repair

Traffic Vehicle-km

densi (million)/Road  |X, 1.5188131.599547| 2.603487 | 0.50983F 0.488003

ensity

_________________ length KM

Public

Satisfaction |0-100 scale X5 32.91517 33.4 51.3 12.6 8.190029

Index

Note:! Used in subsequent equations



4. Methodology

In this study a cost frontier is estimated using stochastitiér methods. A cost frontier function relates
minimum cost to a set of outputs (and characteristics) and input prices. If firms, or in this case LAs, are
successful in cost minimisation, then the function is the dual to the production function (or in the
multiple output case, transformation function) in the usual way (see for example Varian, 1999).
However, if there is a degree of sub-optimisation (inefficiency), then the minimum cost relationship
represents a boundary of the feasible cost set. Thus a frontier function models cost as including bot
minimum cost relationship (explained by a set of regressod a component (usually a random
variable) representing the degree to which an LA is producing above the implied minimum cost. From
the perspective of an econometric model, an additional allowance for unobservable ‘noise’ is required
(in recognition that any model will be an abstraction from reality). This yields the stochastic frontier
model first proposed simultaneously by Aigner et al (1977) and Meeusen and van den Broeck (1977).

For a full introductory treatment of stochastic frontiers see Kumbhakar and Lovell (2000).

Use of stochastic frontier (SF) methods is not the only candidate method for efficiency analysis. There
are mathematical programming methods, such as Data EmafbpAnalysis (DEA) and Freely
Disposable Hull (FDH) approaches, as well as ‘deterministintier methods’ such as Corrected
Ordinary Least Squares (COLS). The papers of Zang et al (2013) and Braconier et al (2013), mentioned
in the literature review, are examples of the DEA approach in road maintenance. S#sragtiahosen

over DEA and FDH since the parametric formulation is of paldr interest in this case (DEA and

FDH are non-parametric). In particular, the scale and density properties (how cost changes with network
length and traffic respectively) are of interest here and also quantifying the impact of asset condition
and public satisfaction on cost is important as this recognises the cost/quality trade-off. This leaves the
choice between SF methods and ‘deterministic’ methods. Deterministic methods attribute all variation
away from the minimum cost frontier to inefficiency. However, this is unlikely to be appropriate in the
case of this dataset. Whilst the cost data is a step forwardtfre published data in this field, there is

likely to be a degree of inconsistency (measurement error) between costs reported by indhddua

due to different accounting systems being used. Indeed the statistical results support amatpprox



60/40 split between ‘noise’ and inefficiency. In any case, it goes against general statistical /economic
modelling theory to believe that an economic model fully represents the minimum cost generating

process (particularly given that there are ‘ohfive explanatory variables).

The model can be represented as

InCyy = Bo + BrlnXyye + PolnXoir + Bor(InXoir)? + BsXsir + BalnXyie + BsXsic + BosXsic” +

BsssXsic® + Vo + Y1 + it (1)

Where iidentifies each LA i=1,...,51 and t the time period t=1,...,5 with 1 corresponding to the financial
year 2008/09C, X4, ..., X5 are as defined in the data section (see Table 3.1 for correspongergce).
fixed effects in the time dimension i.e. time dummies with the first year excluded for co-linearity
reasons (dummy variable trag}, = v;; + u;,, wherev;;~N(0,52) andu;;~|N(0,02)|. v;; is a
random variable which captures random noigg.s also a random variable which captures positive
deviations from the stochastic cost frontier i.e. economiticrency. The critical difference between

v anduy, is thatv;, is distributed symmetrically around zero, whilgt is defined only for non-

negative values. Note that to aid estimation in the LIMDEP v10 software used for estimation

(Econometric Software, 2010), the model is re-parametrized suah #h;yfa,f + g2 andi = Tu /G
u

The functional form in (1) requires explanation. All variables except the two percentage variables,
namely RDC and public satisfaction, are entered in logarithms rather than in levels. This implies that
the coefficients (or combinations ther&ofan be interpreted as cost elasticities. So, as an example, the

elasticity of cost with respect to traffi€) is given by the estimate of parameggr

For the variables RDC and public satisfaction, the reason these were entered without logarithmic

transformation is twofold. Firstly, these variables are percentage measures. Including them in levels

2 The use of * refers to the observation that many published efficiency studies and studies that have been used for regulatory

determinations have less or an equal number of explanatory variables e.g. see Andersson et ah{20a23l £010) and
Smith and Wheat (2012).

3 The expressions for the cost elasticities are given through partial derivation in the case of where multiple terms
of the same variable are included
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that yield the partial derivatives of cost with respect to the variables, represents the percentage increase
in cost from a 1 unit increase (in these cases a 1% unit increase) in the percentage variables. So for the
RDC variable X5), the coefficien{3; represents the percentage change in cost from a 1% unit increase

in road defects. This was felt to be an appeadipgioriinterpretation. Secondly, this formulation fitted

the data better relative to a log formulation (as judged®y R

The model contains only two second order terms and also a third order (cubic) term in public
satisfaction. Originally, a full set of interaction terms between the road length measures ansasaffic
considered. A mixture of general-to-specific testing down and inspection of the cost elasticities to check
they were plausible (in particular checking that all or the majority of computed elasticities were positive

as required by economic theory) yielded this parsimonious specifitation

The third order relationship between cost and public satisfaction was informed through empirical
investigation and discussions with stakeholders. In particular, it was thought that there would be a
limited relationship between public satisfaction and cost at average levels of public satisfaction. As part
of this research, an industry expert committee was formed (comprising of representatives of LA
highways departments) which hypothesised that this was due to other factors, such as expenditure on
communications strategy being more important for accounting for variation in levels of public
satisfaction rather than having any correlation with cost. However, at the extremes, it whsdigpot

that variation in public satisfaction would be an influence on cost as low or high public satisfaction
could only be achieved through exceptionally poor or excellent service delivery rather than very good
or poor ‘softer factors’. Thus cost was needed to influence public satisfaction at both extremes. This

was confirmed through initial statistical estimations which found that the simpler first order (single

4 In more detail, the interactions between the traffic variable and road length variables (interactions Xeamedf; , X,)

were jointly insignificant (pval 0.1533) and so removed. The same result emerged (pval 0.1842) for the excluded second order
terms inX; andX, themselves. This led to the model as in (1) with the exception of a second order term (square term) in traffic
(X,). The second order term on traffic yielded an elasticity of cost with respect to traffic which was negdtghly

trafficked network (empirically 15% of observations were found to have a negative trafficitg)asiihis was deemed
implausible and so the second order term was removed (in any case this term was not significant at the 5% level but was
significant at the 10% level).
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term, not raised to any power) relationship or second order relationship (two terms, one not raised to a

power and the other raised to the power 2) could not detect a statistically significant relationship.

Empirically, two functions were considered. The first wasegewise linear growth rate function i.e.
public satisfaction terms interacted with threshold (for public satisfaction) dummy variableshi§hus
approach would allow for different growth rates for various (pre-specified) levels of public satisfaction.
This approach was found to have an inferior fit relative to the alternative. The alternative (and that
which was adopted) was to use a cubic function for growthteates. Critically, this allows for a
turning point in the relationship in which the hypothesised relationship is nested (i.e. a strong cost
relationship for low values, followed by a weak relationship at average values and a strontshgtatio

at large values of public satisfaction). For further detailthis function, the reader is directed to the
discussion of the empirical implementation and interpretation of this function in section 5.3. This
illustrates how the proposed function captures the hypothesised relationship if (as was empirically
found) the coefficients on the first order, second order and third order terms are positivee raeghtiv

positive respectively.

Finally on methodology, a specific (cross sectional) panel data treatment has not been iniduted i
modelling, such as by including cross sectional (LA) fixed effect dummy variables. This was for two
reasons. Firstly, the unbalanced nature of the panel includes several LAs with only one year of data.
This means that the fixed effects would dominate explanatory power for several LAs. For those LAs
with only one year of data, the fixed effects would completely explain the variation in the data for those
LAs. This is not an appropriate means to model efficiency for those LAs given by construction they
would be no unexplained gap (the fixed effect would abs@lgdip). Secondly, a Hausman test was
conducted and this failed to compute due to the variance matrix being non-positive definite. Using
established precedent in the econometrics literature e.g. Greene (2012) this result is taken to imply that
there is no statistically significant difference between a random and fixed effects treatwmmth&t

OLS or stochastic frontier maximum likelihood estimation (Aigner et al, 1977) provide consistent
parameter estimates under the assumptions of random effects, fixed effects are not included in the

stochastic frontier modelling. However, robust standard errors are used to compensate rimt incor
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computation of standard errors in the standard formulation in the presence of correlation of errors within

groups.

Whilst cross sectional fixed effects are not included, fixed effects in timey{tiparameters) are
included. These proxy for two key omitted variables. Firstly, as is common in the literature on road
maintenance (and indeed railway maintenance — see section 2), the time dummy variables proxy for
variation in input prices over time. Implicitly this assumes no systematic variation in input proes a

the cross section or, at least, any variation will be captured by the inefficiency term. This is a limitation
of the analysis given the data available, but not without empirical precedent in the literature. The second
set of factors which the time dummy variables capture arenwdather effects such as freeze/thaw.
Again, such cross sectional invariant effects are imperfect proxies, however they do cover more extreme
and less extreme winters in general. Indeed the large estimated coefficignivimrld seem to capture

the harsh winter of 2010/11 (see section 5 and Table 5.1).

5. Results

This section discusses the results under four sub-sections. The first three sub-sections (5.1-5.3) consider
the properties of the cost frontier characterising how minimum costs relate to scale, traffic and quality
respectively. Sub-section 5.4 then considers the extent that each LA’s actual cost departs from the

modelled LA specific minimum cost i.e. cost efficiency.

The estimates of the model parameters are given in Table 5.1. Two models are preseeteded Pr
Model which includes Public Satisfaction and a Comparator model which does not. Both are presented
since public satisfaction is rarely included directly in cost benchmarking models (a notable exception
is benchmarking work by Monitor (2016), for the NHS Health Service in Britain). Importantly, Table
5.1 shows that the parameter estimates are similar with and without the inclusion of public satisfaction
in the modelling. As such, in the sub-sections 5.1-5.3 on scale, traffic and quality, the empirical findings

discussion covers the preferred model only (the comparator model has similar empirical findings).

13



Table 5.1 Cost frontier parameter estimates

Preferred Model (equation (1)) Compar ator Model (equation (1) less
the public satisfaction variables)
Coefficient | Std. Error Prob. Coefficient Std. Error Prob.
Bo 12.606:- 1.48413: 0.000( 16.0461. 0.13619: 0.000(
b1 0.62530 0.13551: 0.000( 0.60767! 0.13282 0.000(
B 0.17065! 0.18064- 0.346¢ 0.22093I 0.17515: 0.209:
B22 0.20511! 0.06677. 0.002¢ 0.20860:. 0.06027 0.000:
B3 0.02242 0.00815!I 0.006¢ 0.02202I 0.008231 0.008¢
Ba 0.24120: 0.13196 0.069¢ 0.27217! 0.13020! 0.038¢
Bs 0.34124. 0.14738. 0.022:
Bss -0.01049: 0.00468! 0.026
Bsss 0.00010: 4.79E-0% 0.035:
Y2 -0.06815! 0.14148! 0.630¢ -0.04612 0.13825! 0.739:
Y3 0.01390! 0.11931. 0.907¢ 0.05167! 0.11712. 0.659"
Va 0.070371 0.13031 0.590: 0.102131 0.12443: 0.413:
Vs 0.01091: 0.12691! 0.931¢ 0.05286. 0.12283 0.667¢
1.2906. 0.2617- 0.000( 1.4889: 0.29177. 0.000(
0. 5426! 0.0031: 0.000( 0.5750¢ 0.0033¢ 0.000(
Log- -79.7641. -82.6660-
Likelihood

Number of observations =145 , Number of LAs = 51; Dependent Variable=In(Highway Expenditure)
y; is excluded to avoid the dummy variable trap — implicitly its effect is captured in the constant term.

51. Returnsto scale

Returns to scale are important to understand and quantify when trying to examine the possibility for
cost saving. Firstly, a given LA should not be penalised (or given undue favour) in an efficiency
assessment if its size is fixed but it happens to be at a seale minimises unit costs. Secondly, a
current theme in the response of LAs to the cost saving challenge is to examine the possibility to pool

service delivery across adjacent LAs (HMEP, 2013). Thus scale can be thought of as quasi fixed.

The model indicates that, at the sample mean of the data, increasing the size of a LA’s road network by
1% increases costs by 0.80%. This is statistically significantly different from unity (p val=0.013)

indicating that there is indeed increasing returns to scale at the sample mean. Again, this is intuitive
given that some costs of road maintenance are fixed irrespective of what work is undertaken. However,

for very large LAs a 1% increase in road length increases bgsinore than 1%, indicating that at a
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certain road lengths there are coordination problems. Thus there is an optimal size for a LA’'s highway

network.

Figure 5.1 shows the plot of the cost elasticity with respect towlaig length (the scale elasticity) for

the (145) observations within the dataset. It clearly shows an upward relationship, with the ‘minimum
efficient scale point’ (MESP) somewhere in the order of 4000 to 8000 km. The exact MESP depends
on the mix of U road length and A, B, C road length in each specific LA. The MESP represents the
level of scale, measured here by road length, where cost effsierzge costs (cost per road-km) are
minimum. So it is important to note that an elasticity value less than one do@aplyat fall in absolute

cost from growing the LA size, only that average cost fallh@s & gets larger (up to the MESP and

then average costs start to rise).

Turning to the possible benefits of combining services across LAs, Table 5.2 considers the implied
average cost savings (per road km). It considers combiniogdentical sized LAs into one LA. It

shows that there are substantial cost savings for LAs up to the mean (4000km) from merging. For small
LAs of half the size of the mean LA, the potential cost sawri@flP6. However LAs can be too big

(from an average cost optimisation perspective) and this can be seen by the negative entries in the table

for LAs above the mean size.

It is doubtful however that all of the cost savings iderdifie Table 5.2 could be realised in practice,
given that it could be the case that LAs would be sharingcgsr\or elements of — such as joint
procurement) rather than fully merging to form a new LA. However it does demonstrate that for many

LAs, a policy of sharing services across adjacent LAs where feasible could yield substantal savin
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Table 5.2 Potential cost savings from merging LAs of a given size

Aver age cost per road km relativeto average cost | Potential cost
Size of merging LAs at the sample mean saving from
(relativeto mean LA) | Pre-combined LA Combined LA mer ger
0.5 1.27 1.00 21%
0.75 1.08 0.95 12%
1 1.00 0.96 4%
1.25 0.97 0.99 2%
15 0.95 1.02 -8%
2 0.96 1.12 -17%

Notes: 1) In each example two LAs of identical size (relatovéhe sample mean of the data) are
considered to merge. So the first line considers two LAs 6deliimes the size of the mean LA,
combining (merging) into a single LA of size 1 relative to the mean LA in the dataset.

2) All other characteristics of the LAs are assumed to be the same i.e. traffic, RDC, public satisfaction.
3) The mix of U roads and A,B,C Roads is assumed to be the same as at the sample mean for both LAs

Figure 5.1 The scale elasticity for the observations used in the highways mddelling

1.4

1.2- 0%, o
1.0 ®9
0.8 P

0.6 |

Q

o

Scale Elasticity

0% o

0.4

0.2

® 0o  ocowo

0.0

o o

T T T
0 4,000 8,000 12,000 16,000

Total Length of Roads - KM

5 It should be noted that there are 2 observations representing the smallest authorities that the model estimates to have a

negative scale elasticity. Taken literally this would imply that increasing network length would actually reduosttofais
is clearly counter intuitive, however such results at the extremes of the sample data are not uncommon in these modelling
exercises as such extremes are estimated with a high degree of imprecision.
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5.2. Theimpact of traffic
The model shows that traffic does have a positive relationship with maintenance costs and this is
statistically significant at the 7% level. The coefficient, which is a cost elasticity, is 0.24 and this

indicates that a 1% increase in traffic results in a 0.24% increase in maintenance cost.

Table 5.3 shows how this estimate compares to that from other studies in the econometric literature.
This estimate is below the range from other studies (in Table 5.3 the range is approximately 0.3-0.85
and median 0.425), but this probably reflects the composition of the roads in this study relative to the
roads in the comparator studies. In particular the studies in Table 5.3 generallg Bichtegic roads

which tend to carry greater traffic per road km and also a greater proportion of HGV traffic which does
more damage. The outlier, reported in Link (2009) of 0.85 was for motorways. Thus it is no surprise

that the estimate from this study is lower.

The estimated elasticity could be useful for strategic planning purposes in terms of understanding how
local highway costs are likely to change in response to long term changes in traffic. Going forward,
obtaining traffic data disaggregated by HGV and other vehicles would enhance the cost model and
particularly help model cost for those LAs with a large number of A roads which tend to carry the most

HGYV traffic.

Table 5.3 Cost elasticity with respect to traffic from other studies

Study Country Type of Road | Cost elasticity with
Network respect to traffic
Schreyer et al (200 | Switzerlan: Motorways anc| 0.4¢
Kanton roads
Jonsson an| Swedel All paved road 0.3¢
Haraldsson (2008)
Bak et al (200¢ Polanc National road 0.4¢
Bak and Borkowsk| Polanc National road 0.z
(2009)
Link (2009 German Motorways 0.8t
Link (2014 German Federal roac 0.4
Martin (1994,1997 Australie National Road 0.46 (HGV only -
Pavement
maintenance)

Source: Amended from Link (2014, Table 7). This table does not include results from all studies
identified in the literature review. This is primarily because many studies did not report the cost
elasticities and simply focused on marginal cost. Someestueere also excluded e.g. Link (2002) if
subsequent studies updated the analysis.
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53.  Theimpact of quality of service
Increasing RDC i.e. the average number of road defects, increases cost, reflecting the need to do more

maintenance to counter the large number of instances of high risk defects in the road network.

As discussed in section 4, there are three terms in the mapeiriag the influence of public
satisfaction on costs. Each of the parameters on the three terms is statistically significant at least at the
5% significance level. The estimated cubic relationship has the coefficient on the first, second and third
order terms of positive, negative and positive respectively with the first order term being larger than the

second and second larger than the third in absolute value.

This relationship does indeed empirically conform to a priori expectations of the industry expert

committee. In particular:

e For low levels of public satisfaction there is a strong positive relationship between cost and
public satisfaction, since the positive coefficient on first order term dominates in the cubic
function at low satisfaction levels.

e For average levels of public satisfaction, the quadratic term dominates (and this has a negative
coefficient), which implies that the relationship is less strong for average public satisfaction
levels.

e For large levels of public satisfaction, there is a strorgtige relationship between cost and
public satisfaction, now because the cubic term dominates the function.

This is evidence that maintenance cost does not vary one to one with public satisfaction. Indeed, the
relationship shows that for levels of public satisfaction in proximity to the average, there is little
relationship between the two, since in practice when public satisfaction is not very bad or very good, it
tends to vary not because of the physical condition of the network, but because of other factors such as
variation in public communications strategies across LAs (so called ‘soft factors’). However, at the
extremes, there is evidence for a positive relationship i.e. to increase public satisfaction requires more

maintenance cost. One possible explanation as to why tfdarid is that very low levels of public
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satisfaction are often associated with very poor networks i.e. there has to be something over and above
communications strategy that yields very poor satisfaction. This thus requires cost to be incurred to
improve satisfaction. Similarly, it is unlikely that even an excellent communications strategy or other
soft factors can yield very high public satisfaction without sustained maintenance of the highway

network, hence the relationship between cost and public satisfaction at the upper end.

54.  Cost Efficiency Predictions

Once the cost frontier has been estimated it can be determwddreach of the 51 LAs is from the
frontier and thus what scope there is for each LA to potentially make cost savings (subject of course to
such an opportunity representing something under control of the LA). Table 5.4 gives descriptive
statistics for the distribution of efficiency predictions from the preferred model. Efficiencies are
predicted using the conditional expectation formulas in Jondrow et al (1982) which is common practice
in stochastic frontier analysis. Importantly, the measure of cost efficiency is the scope for sastings aft
cost effect of variation in road length, traffic, road condition and public satisfaction have been
controlled. As such the potential savings captured in the cost efficiency measure are over and above
any saving resulting from changes in the explanatory variables such as those arising from the merging
of adjacent LAs to form a new LA closer to the minimum effici@aties point (as discussed in section

5.1).

On average (the median efficiency over all observations), LAs are found to be 83% efficient. Literally
speaking this means on average LAs can in theory reduce highway maintenance expenditure by 17%
(=100% - 83%) and continue to maintain the same network, to the same quality and with the same

traffic usage.

Examining the distribution further, it can be seen that over 75% of LAs have efficiency predictions
above 75%, which seems intuitive. Only 10% of LAs have efficiency predictions less than 64% and,
inevitably with any benchmarking analysis, it is likely that these 10% are probably the LAs which are

subject to data issues. Five LAs have efficiency scoresead®sf which indicates that the frontier is
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not defined by a single outlying observation, but a collection of LAs. Thus in general the spread of

efficiency predictions seems intuitive.

Of course, what really matters is whether the ranking of LAs makesive sense and such a review

was undertaken by an industry expert committee group, comprising representatives from participating
LAs. This was an important part of the study given the individual efficiency scores cannot be released
for confidentiality reasons, but were available to the industry expert committee. The outcome of the
review was that the preferred model was thought more plausible than the comparator modehgiven t
there were several LAs with poor public satisfaction scores but very high efficiency scores in the
comparator model. In contrast, the preferred model presented some efficiency penalty for these LAs
without a substantial change in the distribution of other efficiency scores (the mean in the comparator

model was 82% which is not too different to 80% in the preferred model for example).

Table 5.4 Distribution of efficiency predictions for the 51 EAs

Per centile of efficiency distribution Efficiency Score
0% 48%
10% 64%
20% 70%
25% 75%
30% 76%
40% 79%
50% (median) 83%
60% 86%
70% 88%
75% 89%
80% 90%
90% 94%
100% 100%
Mean 80%

6. Conclusions
In this paper a cost stochastic frontier model for English LAs has been developed using a dataset

collected from both secondary sources in the public domain and primary sources not in the public

The efficiency scores are predicted for each year and then averaged over the years that each Authority appears as a complete
observation in the data, before the distribution is ranked to form the entries in Table 5.3.
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domain, using a specific definition of highway maintenance cost. This ensures a greater degree of
consistency in cost definition compared to other available cost measures. The paper is the first

application of stochastic frontier methods to benchmarking for English LAs.

The model allows conclusions on four key aspects of the cost structure and efficiency of LAs:

1) In terms of the size of LAs (defined by length of road network), there are strong economies of scale
for smaller LAs but these diminish to unity as the size of the LA network approaches 4000-8000km
(the exact figure depending on the mix road classes in an LA). LAs with network size greater than this
suffer from diseconomies of scale. Given the distribution of LA size in the sample, LAs up to and
including the sample mean length could reduce unit costs by merging with an LA of simildn size.
practice, administrative, political and legacy factors are likely to prevent full merging of LAs and so the
cost savings indicated in Table 5.2 are likely to be over estimates. Nonetheless, for small LAs, the

potential savings are substantial.

2) Itis found that a 1% increase in traffic results in a 0.24% increase irem@ioe cost and this agrees
with the literature that road maintenance is subject to economies of density. This result is useful for

strategic planning in that it allows the cost impact of future traffic growth to be predicted.

3) For the most part, there is little association between public satisfaction with highway condition and
the cost of provision of maintenance. The exception is for very low and very high levels of public
satisfaction where costs are increasing functions of public satisfaction. Accounting for this tefations

is particularly important in terms of the plausibility of the rankings of the efficiency scores. This study
highlights the potential benefits for cost analysis and cost benchmarking by including measures of user

satisfaction within the analysis.

4) On average (median), LAs are found to be 83% efficienhdary, this means that LAs can reduce
highway maintenance expenditure (100%-83%) or 17% and continue to maintain the same network, to
the same quality and with the same traffic usage. This represents a substantial opportunity for the

average LA to make savings without trading off the outcomes of activities. Of course, some of the gap
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may arise from the influence of unobserved factors outdidel&'s control but this does represent a

useful starting point for further process benchmarking analysis.

The implications of the above findings internationally are threefold. Firstly, the study reveals substantial
returns to scale for LAs. For all but the largest LAs sharing services across LAs or even formal mergers
would seem beneficial from a cost perspective. Secondly, new evidence on the cost variability of traffic
for local roads has been established. This can be useful for strategic forecasting of maintenance costs to
trends in traffic growth. Thirdly, and more generally, this work has shown that collaborative
benchmarking exercises involving LAs which utilise stochastic frontier analysis are feasible and
produce useful results. Importantly, this work highlights why costs differ between LAs and, once the
cost driving factors have been controlled, what is the remaining cost gap. Such a gap may be able to be

eliminated in the future through adoption of best practice.

Further research is required to better understand the influence of public satisfaction on costs and to
verify the relationships found in this research. Incorporating public satisfaction (perception of final
outputs by users) into benchmarking is relatively new but is gaining traction in such sectors like health
care, where Monitor (the economic regulator of the National Health Service in Britain) is igcludin
quality of care based on patient satisfaction in their econometric benchmarking (Monitor, 2016). It is
suggested that this is an important issue for future regulation in general. Furthermore, there is a need
for iterative improvements in both the econometric model and understanding of what constituents the
efficiency gap. The former requires a refinement in the definitions and reporting of costs to reduce
'noise’ within the modelling as well as identifying and collecting data on more cost drivers. The latter
requires case study and other bottom-up investigations with specific LAs. Both activities are being

actively taken forward by the CQC Efficiency Network (2016).
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